Purpose To describe and correlate the morphological and clinical features of focal choroidal excavation (FCE). Methods This is a consecutive case series from the review of the 4436 optical coherence tomography scans performed by Kowloon East Cluster Ophthalmic Service from 1 August 2014-31 January 2016. Statistical analysis was performed on SPSS 18.0 (SPSS, Chicago, IL, USA). A significance level of Po0.05 was taken. Results All 16 patients with FCE had unilateral involvement. The mean age of diagnosis was 52.56 ± 14.00. The mean greatest linear dimension (GLD) of FCE was 636.25 ± 265.11 μm. The mean choroidal thickness was 183.63 ± 52.39 μm. Fourteen FCEs (87.5%) were conforming and two were non-conforming (12.5%). In the eyes with FCE, concurrent macular pathology was present in four cases (25.0%). Tractional pathologies of macular pucker and macular scar corresponded to the two non-conforming FCEs in the series. Polypoidal choroidal vasculopathy (PCV) and lacquer crack had a close topographic relationship with the FCE. The mean GLD was significantly larger in eyes with concurrent macular pathology than those without (878.00 vs 555.67 μm, P = 0.029). In the fellow eyes, concurrent macular pathology was present in 5 cases (31.3%): PCV in 3 cases and chronic central serous chorioretinopathy in 2 cases. Conclusion As a significant proportion of FCE is associated with concurrent macular pathology in the involved or fellow eye, angiography for both eyes is recommended even for asymptomatic cases. The GLD of FCE may have clinical value in risk stratification.
Introduction
Focal choroidal excavation (FCE)-an excavation of the choroid detected on optical coherence tomography (OCT) in patients with good visual acuity and normal-appearing overlying retina, was first described by Jampol et al 1 in 2006. The aetiology of this type of lesion is uncertain. FCE was once postulated to be congenital posterior segment malformation representing 'microstaphyloma'. It was also proposed that FCEs could be acquired lesions from choroidal atrophy and scarring following choroiditis. 2, 3 Morphologically, FCEs could be classified on the basis of the relationship between the outer retina and the choroid. In the conforming type, the outer retina conforms to the choroidal excavation with preservation of the junction between the photoreceptor tips and the retinal pigmented epithelium (RPE). The nonconforming type corresponds to FCEs with a separation between the photoreceptor tips and RPE forming a subretinal space. 4 Although many cases of FCE have a relatively stable course and remain asymptomatic, associations with choroidal neovascularisation (CNV), 2, 5 polypoidal choroidal vasculopathy (PCV), 6, 7 and central serous chorioretinopathy (CSCR) were found. [8] [9] [10] There still exist controversies in the clinical significance of FCE. It is also uncertain whether there is any clinical correlation with the morphological features of FCE.
In this study, therefore, we aimed to describe and correlate the morphological and clinical features of FCE in the context of concurrent macular pathologies.
Materials and methods
This is a consecutive case series of all patients with FCE attending the Kowloon East Cluster Ophthalmic Service from 1 August 2014-31 January 2016. The ophthalmic service in this cluster is provided by United Christian Hospital and Tseung Kwan O Hospital, serving a population of close to 1 million. The study was approved by the Research Ethics Committee of the Hospital Authority (ref: KC/KE-16-0119/ER-2) and adherent to the tenets of the Declaration of Helsinki. The cases were retrieved through a review of the 4436 OCT scans of the macula in the specified period.
Spectral-domain OCT (SD-OCT) was performed with the Heidelberg Retinal Angiography and Optical Coherence Tomography System (Spectralis, HRA-OCT; Heidelberg Engineering, Heidelberg, Germany) by a single operator, using the macular line scan and volume map. Measurements of the various dimensions of the FCEs were performed using the caliper feature on the macular line scan of SD-OCT. The greatest linear dimension (GLD) of the FCE was measured as the maximal horizontal distance between the two points where the RPE layer bulges outward, using a crosssectional line scan directly across the FCE. The choroidal thickness under the excavation was defined as the distance between the outer border of the RPE and the inner scleral border, using the enhanced depth imaging mode of SD-OCT. Fluorescein angiography (FA) and indocyanine green angiography (ICG) were arranged where appropriate.
The diagnosis of concurrent macular pathologies was made on the basis of clinical examination, SD-OCT and angiography. CNV was diagnosed based on SD-OCT, clinical, or angiographic signs of leakage. CSCR was diagnosed in case of serous retinal detachment in the macular region as observed on fundoscopic examination and SD-OCT, together with leakage points observed on angiography. PCV was diagnosed if early hyperfluorescent hot spot(s) was observed with orange subretinal nodule on clinical examination or fundus photos, massive submacular haemorrhage, pulsatile polyp, hypofluorescent halo, or branching vascular network.
All statistical analysis with the OCT measurements (GLD and choroidal thickness) was performed on the SPSS 18.0 software (SPCC Inc., Chicago, IL, USA). For t-test, equal variances between the groups were checked. A significant level of P40.05 was taken.
Results
The patient demographics, morphological, and clinical features of FCEs in this study are shown in Table 1 .
Patient demographics
All 16 patients with FCE had unilateral involvement. The right to left eye ratio was 10 : 6. Nine patients (56.3%) were females and 7 patients (43.6%) were males. The mean age of diagnosis was 52.56 ± 14.00 (range 31-78). The mean spherical equivalent refraction of the involved eyes was − 3.28 ± 3.90 D (range − 10.00 to +2.38 D), while that of the fellow eyes was − 3.13 ± 3.55 D (range − 10.50 to +2.00 D). The mean duration of follow-up was 12.8 months, in which 11 patients were followed up for 6 months or more.
OCT findings
The mean GLD of FCE was 636.25 ± 265.11 μm (range 144-1205 μm). The mean choroidal thickness at the FCE was 183.63 ± 52.39 μm (range 98-268 μm). Out of the 16 cases, 6 FCEs had a subfoveal location (37.5%), while the remaining 10 FCEs were extrafoveal (62.5%). Morphologically, 14 FCEs (87.5%) were conforming type, while the other 2 (12.5%) were non-conforming. The corresponding OCTs of the patients are shown in Figure 1 .
Concurrent macular pathology
In the eyes with FCE, concurrent macular pathology was present in four cases (25.0%). One patient had a macular pucker, and another had a parafoveal scar with no clinical or angiographic leakage activity-both corresponding to non-conforming FCEs. The other two patients had conforming FCEs: one associated with PCV and the other with macular haemorrhage from lacquer crack formation due to high myopia. In the latter case, FA did not show any CNV, and the bleeding was self-limiting, leaving no chorioretinal atrophy. There was a close topographic relationship between the FCE and the PCV and lacquer crack, respectively, as shown in Figure 2 and Figure 3 .
The remaining 12 cases were not associated with concurrent macular pathology (75.0%). Among these cases, half of them appeared as focal RPE changes on ophthalmoscopic examination; the rest were not discernible clinically.
In fellow eyes of these patients, concurrent macular pathology was present in 5 cases (31.3%): PCV in 3 cases (18.8%) and chronic CSCR in 2 cases.
Visual acuity and clinical course
Out of the 16 eyes with FCE, 11 had a presenting BCVA of 6/12 or above, 9 had a BCVA of 6/9 or above, and only 1 patient had a BCVA below 6/60.
In the presence of concurrent macular pathology, the presenting VA was 6/18 or below. The other 12 cases of FCE without concurrent macular pathology, all conforming in morphologically, were not associated with visual symptoms. They were associated with BCVA of 6/9.5 or above, except in 1 eye where the VA was 6/18 due to a history of retinal detachment. 
Eye
During the follow-up period, the eyes with FCE followed a stable course of VA that was within one line difference from the presenting VA, except in the highly myopic eye with self-limiting macular haemorrhage whose VA improved from 6/30 to 6/12 without treatment.
Size of FCE and choroidal thickness
The mean GLD of the FCE was significantly larger in eyes with concurrent macular pathology than those without (878.00 vs 555.67 μm, P = 0.029). There was no significant difference in the mean choroidal thickness under the excavation in eyes with or without concurrent macular pathology (199.50 vs 178.33 μm, P = 0.503). No significant correlation was found between the size of the FCE, as measured by GLD, and the choroidal thickness under the excavation (Pearson correlation 0.108, P = 0.69).
Discussion
In this study, FCE was diagnosed in 16 Chinese patients among the 4436 SD-OCT scans performed in the 18 months of study period. The mean age of diagnosis was 52.56, ranging from 31 to 78 years. There was no gender predilection. The patient demographics were similar to previous reports, which were mainly done in Asian populations. 4, 6, [11] [12] [13] The mean refraction of both the involved eyes and the fellow eyes was in the − 3D myopic range, consistent with the FCE case series by Margolis et al. 2 Factors contributing to the formation of FCEs into conforming or non-conforming morphologies are uncertain. However, the two cases of non-conforming FCE in this study were associated with a tractional macular pathology: macular pucker and scar, respectively. We speculate that traction may be a potential factor in the formation of different morphologies of FCE lesions. The non-conforming morphology of FCE may have formed when the photoreceptor tips under traction detach from the underlying RPE.
Consistent with the study by Obata et al, 6 the clinical course of FCE in this study was generally stable. No involved eye had a change VA more than one line from baseline during the follow-up period. However, 25.0% of the eyes with FCE were associated with concurrent macular pathology. It remains uncertain whether FCE has an aetiological role, but the observation of choroidal hyperpermeability and focal loss of large choroidal vessels associated with FCE has suggested that mechanical changes in the RPE/Bruch membrane in the FCE resulting from inflammation or ischaemia may predispose to choroidal vessel outgrowth. 8, [13] [14] [15] [16] [17] This is supported by the close topographic relationship between FCE and CNV demonstrated in previous studies. 5, 14 Consistent with this clinical observation, in this study the FCE and polyp/lacquer crack were also found in close proximity. It is possible that the focal weak point in the RPE/Bruch membrane complex in FCE may predispose in polyp outgrowth in PCV, and lacquer crack formation in a highly myopic patient.
With a mean GLD of 636.25 μm and mean choroidal thickness of 183.63 μm, the FCEs of this case series have physical parameters that are similar to those reported in other series, as shown in Table 2 . [11] [12] [13] To our knowledge, there has not been any study to date attempting to establish the clinical correlation of different physical parameters of FCE. Our results showed that the mean size of the FCE is significantly larger in eyes with concurrent macular pathology (mean GLD 878.00 vs 555.67 μm, P = 0.029). Therefore, the size of the FCE, exemplified by the GLD, may have potential clinical value in risk stratification regarding the occurrence of concurrent macular pathology. Abbreviations: GLD, greatest linear dimension; N/A, not available.
While the current literature mainly focuses on the association between FCE and concurrent macular pathologies in the involved eye, our case series has shown the presence of concurrent macular pathologies in even a higher proportion of the fellow eyes (31.3%) than the FCEinvolved eyes (25.0%). In the fellow eyes of patients with FCE, PCV was found in three cases and CSCR in two cases. The association of FCE with macular pathology in the fellow eye, however, is not well reported in the literature. The only relevant study to date was the cohort by Lim et al, 15 in which FCE was found in 2.9% of the fellow eyes of patients with PCV and 1.2% of the fellow eyes of patients with CSCR.
On the basis of this finding, we recommend that FA and ICG be arranged for both eyes in any patient with FCE, even for with good VA and no visual symptoms. The finding of abnormal choroidal hyperpermeability or asymptomatic vascular lesions such as PCV or CNV should warrant close observation and early treatment if necessary.
This study is limited by its retrospective nature and moderate case number. The follow-up duration was limited to demonstrate the clinical course of the FCE in some patients, especially among those who were asymptomatic. The occurrence of asymptomatic FCE is probably higher in the general population. Those with other macular pathologies are subject to more OCT examinations and they may be over-represented in this case series.
Summary
What was known before K Although many cases of focal choroidal excavation have a relatively stable course and remain asymptomatic, associations with choroidal neovascularisation (CNV), polypoidal choroidal vasculopathy (PCV), and central serous chorioretinoptahy (CSCR) were found in the involved eye.
K Factors affecting the morphology of focal choroidal excavation, as well as the clinical correlation of the morphological features of focal choroidal excavation, are uncertain.
What this study adds K Apart from the involved eye, focal choroidal excavation is associated with concurrent macular pathology in the fellow eye in a significant proportion of cases.
K Traction is a possible factor in the formation of the nonconforming morphology of focal choroidal excavation.
K The mean greatest linear dimension of focal choroidal excavation was significantly larger in eyes with concurrent macular pathology than those without (878.00 vs 555.67 μm, P = 0.029). This measurement has potential clinical value in risk stratification.
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